INTRODUCTION
The remote field eddy current (RFEC) technique was invented in 1951 [1] , [2] and is widely used as a nondestructive evaluation tool for inspecting metallic pipes and tubing. Essentially, the RFEC phenomenon can be observed when an AC coil is excited inside a conducting tube (see Fig. 1 ). The RFEC signal can be sensed by a pick-up coil located 2-3 diameters away from the excitation coil. The signal is closely related to the tube wall condition, thickness, permeability, and conductivity. The signal phase, especially, has approximately linear relationship with the tube wall thickness.
For tubing inspection, the RFEC technique is characterized by its equal sensitivity to an -------------------~- Fig. 1 . Schematic of an RFEC probe for tube inspection and two signal paths between the excitation coil and the pick-up coil inner diameter (ID) or an outer diameter (OD) defect, its insensitivity to probe wobble or liftoff, and not being limited by the penetration depth, which has traditionally been a major disadvantage for conventional eddy current techniques, especially in ferromagnetic material inspection. However, RFEC applications have been restricted to inspection of metallic tubing, although there are demands for accurate and fast inspection for some flat -shaped metals, such as tank bottoms and vessel walls. Can the RFEC technique be extended to the inspection of metallic plates? This paper shows that the RFEC phenomenon can also be observed in planar metallic plates.
To explain the work clearly, a brief review of previous studies on underlying physics of the RFEC phenomena will be given priori to the main topics of this paper. Fig. 2 shows the basic characteristics of the RFEC effect. There are two curves representing the logarithm of signal magnitude and the signal phase angle as functions of the distance between the excitation and the pick-up coils. There are apparently two distinct regions. In the near field the signal magnitude attenuates exponentially, while the phase keeps approximately a constant value close to -90°. In the remote field region the magnitude attenuation rate is significantly reduced, while the phase keeps a constant value, but different form that in the near field. The phase difference is approximately proportional to twice the wall thickness. In the region in the between, the transition zone, there is a rapid change in the magnitude attenuation rate and the phase value.
UNDERLYING PHYSICS
The exponential attenuation of signal magnitude can be easily explained by the existence of the induced eddy current inside the tube wall. It plays a role of restricting the flux pattern from its expending axially. The -90° constant phase is explained directly by the Faraday's law.
In quasi-static case the induced voltage in the pick-up coil is e = -d'P/dt = -jroL/, which is 90° lead to the excitation current I. However, the question which occurs to people who are getting
Log(magnitude) started with the RFEC technique is that how the phase difference between signals of remote field and near field can be related to the tube wall conditions.
The first results of Finite Element Modeling (FEM) of the RFEC phenomena [3] - [4] revealed some unique field patterns in RFEC fields: the "potential valley" (Fig. 3) and the "phase knot" (Fig. 4) . Fig. 4 shows the phase delay from the tube inside to the outside in the field near the excitation, or near field, while from outside to inside in the field away from the excitation, or remote field. The 'potential valley' and the "phase knot", located just in between these two regions. They appeared to be resulted from the two oppositely moving signal paths. Further FEM studies [4] - [5] explained the phenomena using Poynting vector patterns in the RFEC field (Fig. 5) . The plot shows that the energy released from the excitation coil travels twice through the tube wall, from inside to outside in the near field and from outside to the inside in the remote field. It well explains the relationship of the signal phase delay to the tube wall conditions.
The concept of double energy flow transmission through a tube wall has been verified and utilized in our later work on visualizing the RFEC phenomena [6] , physics on RFEC responses to axially aligned cracks [7] , RFEC probe structure improvement [8] , extending the RFEC technique to pulsed excitation [9] and magnetic flux leakage probe with motion [10] .
Our experiences have also shown that the RFEC can be created whenever there is an energy flow transmitting, or being guided to transmit, twice through a metallic wall.
EXTENDING RFEC TECHNIQUE TO METALLIC PLATE INSPECTION
According to the above mentioned rule, the key design ensure is: the energy flow passes the plate wall twice. 
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In the tube case, the induced eddy current inside the tube wall plays a role of restricting the flux pattern from its expending axially that results the rapid attenuation of the direct coupling field. To realize the energy double transmitting wall idea in a flat metal case, the following measures have been applied in the probe design:
1. Special designed magnetic circuit consisting of a pot-core and an excitation coil. 2. A magnetic circuit to pick-up coil.
3. An auxiliary coil to help guide the signal path.
4. Excitation and pick-up coils are shielded to minimize the direct coupling between them.
A schematic of the probe is given in Fig. 6 . The probe has two excitation coils, the primary and auxiliary. The potcore works as a magnetic circuit for the flux. Carefully chosen parameters of the excitation currents in both coils enable the electromagnetic energy released from the coils to penetrate downward into the plate. The aluminum cover works as an additional shield, minimizing the flux leakage above the plate. The pick-up coil senses the electromagnetic field that has penetrated the plate from the bottom to the upper surface. The signal, its magnitude and phase, are sensitive to the plate wall condition (the thickness, permeability and conductivity).
NUMERICAL MODELING RESULTS
The prototype is simulated using a 2-D ( axisymmetric) finite element code [11] . Figs. 7 gives the magnitude and phase distributions of the field flux as functions of the depth of a defect on the opposite side of a 3/8" thick carbon steel plate. It is apparent that both the magnitude and the phase of the magnetic field vary with the defect depth, and that the phase has an approximately linear relationship with the defect depth.
Figs. 8 shows the flux magnitude lines in the field ( the receiver side only) for both no defect case and a 40% deep defect case. Figs. 8 provides the corresponding equi-phase lines of the field. The perturbation to the field, due to the presence of a defect, can be clearly seen on both plots.
EXPERIMENTAL TEST RESULTS
An experimental study has been conducted for probe prototype. Three different defects were machined on a 3/16" carbon steel plate: a). 2" long, 3/16" wide, and 50% deep circumferentially aligned slot; : b). 2" long, 3/16" wide, and 50% deep radically aligned slot; c). 2" diameter and 50% deep circular pit. A differential pick-up coil was used to scan the specimen. It appeared that the probe has minimum sensitivity to case b. Fig. 10 shows the signal magnitude and phase for the case a. Fig. 11 illustrates the results for case c. The scan were originally done in a cylindrical system; in other words, in the R and e directions.
However, the plot was made in a Cartesian system for ease of plotting. 
